1. INTRODUCTION {#sec1}
===============

Self-defining memories, a component of autobiographical memory, refer to events that are highly relevant to identity processes \[[@r1], [@r2]\]. These events are vivid, emotionally intense, repetitively recalled, and focused on enduring concerns or unresolved conflicts \[[@r3]\]. In addition, self-defining memories help maintain self-consistency and self-coherence, particularly during times of upheaval or difficult transitions \[[@r4]\]. In line with these assumptions, empirical research has demonstrated the involvement of self-defining memories in the pursuit of long-term goals \[[@r5]\], the anticipation of significant future events \[[@r6]\], meaning making \[[@r2], [@r7], [@r8]\], emotional regulation \[[@r9]-[@r11]\], personality traits \[[@r10]\], and activation of specific self-representations \[[@r12]\]. Moreover, individuals frequently communicate about themselves and their life stories by sharing self-defining memories with others, a process that facilitates intimacy and the transmission of personal experience \[[@r7], [@r13]\]. Guided by these findings, Singer, Blagov (3) proposed an integrated model of narrative identity, according to which self-defining memories lead to the creation of narrative scripts that serve as the ingredients for "chapters" across the lifespan.

Self-defining memories in normal aging were assessed by Singer, Rexhaj \[[@r1]\] who found that these memories received higher ratings in vividness and importance in older than in younger participants. When reporting their self-defining memories, the older participants mentioned serious and meaningful topics involving achievements, relationships, child rearing, political events, illnesses, and deaths. Self-defining memories in the older participants were also found to trigger a positive emotional tone as well as an integrative meaning. According to Singer, Rexhaj \[[@r1]\], the positive valence of self-defining memories in older adults serves to avoid excessive rumination or distress. Other studies conducted on self-defining memories in normal aging reported the high specificity of these memories \[[@r14], [@r15]\]. These findings are of interest as older adults may demonstrate a lower production of episodic memories (*i.e*., specific events describing information about locations, time, perceptions, and thoughts) \[[@r16]-[@r24]\]. Owing to their relevance to life story and identity, self-defining memories may enable older adults to go beyond their difficulties to reach specificity.

Our study investigated the relationship between updating deficits and underproduction of self-defining memories. In our view, the integration of events that are highly relevant to identity processes (*i.e*., the formation of self-defining memories) involves updating one's identity with new self-images, representations, and/or goals. Therefore, updating deficits in aging may result in underproduction of self-defining memories. To assess the putative relationship between updating deficits and the underproduction of self-defining memories, we asked older adults to generate autobiographical memories and to perform an executive battery, including an updating task. We expected positive correlations between updating ability and the production of self-defining memories in normal aging.

2. METHOD {#sec2}
=========

2.1. Participants {#sec2.1}
-----------------

Forty-three older adults (23 women and 20 men; *M* age = 69.09 years, *SD* = 9.12, *M* years of formal education = 9.12 years, *SD* = 2.49) were recruited through flyers posted in community centers. Participants were non-institutionalized and managed their own household. Their Mini-Mental State Examination \[[@r25]\] score (*M* = 28.33/30, *SD* = 1.51) showed normal cognitive functioning. They also showed no signs of depression, as evaluated by the short Geriatric Depression Scale \[[@r26]\] (*M* = 3.47/15, *SD* = 1.68, cut-off for significant depressive symptoms = 6). All participants were native French speakers with normal or corrected-to-normal vision and hearing. Exclusion criteria were a history of neurological, psychiatric, or learning disorders. Prior to inclusion in the study, all participants gave their informed consent in accordance with the principles laid down by the Helsinki Declaration.

2.2. Procedures {#sec2.2}
---------------

Participants were assessed using tests of episodic memory and executive function (scores are presented in Table **1**). Autobiographical memory was also assessed. Participants were tested in one session, and tests were randomized without a predetermined order.

### 2.2.1. Episodic Memory {#sec2.2.1}

Episodic memory was evaluated with the task of Grober and Buschke \[[@r27]\]. The participants had to retain 16 words and after an immediate cued recall, they proceeded to a 20 s distraction phase during which they had to count numbers aloud. This phase was followed by two minutes of free recall and the score from this phase (out of a maximum of 16) was retained as the episodic score.

### 2.2.2. Executive Function {#sec2.2.2}

Executive functioning was evaluated according to the model of Miyake, Friedman \[[@r28]\] who not only defined three core executive functions (*i.e*., shifting, updating, and inhibition) but also related each of these functions to a specific task (*e.g*., updating to the 2-back task).

-   *Shifting*: the Plus-Minus task included three lists, each containing 20 numbers (the numbers ranged from 10-99 and were randomly chosen). On the first list, participants added one to each number, and on the second list they subtracted one from each number. On the third list, they added and subtracted one alternately. The shifting score was the difference between the time taken for list three and the average of the times taken for lists one and two (the higher the score the lower the shifting).

-   *Updating*: in the 2-back task, 30 letters were sequentially presented and participants had to decide whether each letter was the same as the letter presented two items before or not. For instance, if the letter K was followed by R then K, the latter letter corresponded to the one presented two items before. The updating score corresponded to the number of correct responses (the higher the score the better the updating).

-   *Inhibition*: the Stroop task involved three subtests. In the word reading subtest, participants read words printed in black ink, all words naming colors. In the color naming subtest, they named the color of the ink. In the color-word interference subtest, they named the color of the color-word printed in incongruously colored ink. The inhibition score was the completion time for the interference condition -- the average completion time for word reading and color naming conditions (the higher the score the lower the inhibition).

### 2.2.3. Autobiographical Memory {#sec2.2.3}

Participants were asked to retrieve three autobiographical memories, one memory cued by each of the following three cues "family, profession, and holidays". These cues were chosen as they have been found to elicit autobiographical memories in aging \[[@r15], [@r18], [@r29], [@r30]\]. Cues were counterbalanced and, for each cue, participants were required to recount in detail an event in their life. The participants were given three minutes to describe their memories; this time limit was made clear so that participants could structure their memories accordingly and to the best of their ability. It was also used to avoid bias, such as redundancy or distractibility. This three-minute limit has been found to be amply sufficient for autobiographical recollection \[[@r31]-[@r33]\].

Following the definition of Singer, Rexhaj \[[@r1]\], an event was considered a self-defining memory if it was situated in time and space with phenomenological details (thoughts, feelings, perceptions), and also if it contributed to the way the participant saw herself or himself, and/or if the event was related to personality construction, concerns or unresolved conflicts (for a similar scoring of self-defining memories, see \[[@r14], [@r15]\]. For instance, with the cue "holidays", one participant recounted: "I can remember the holiday in the Pyrenees Mountains, I was twelve years old and it was a rainy night, my father didn't allow me to go out so I waited till he was asleep to go out. I was pleased to be alone and also to be able to climb the hill nearby, but after a while, I got scared by the darkness. Luckily my father searched for me otherwise I wouldn't have been able to find my way back. He was so angry with me but I didn't understand his anger until I got older myself and saw how difficult it is to raise a child...perhaps that's why I was always strict with my own kids". To prevent scoring bias, self-defining memories were rated by two independent raters(trained psychologists who were not affiliated with the project) who were blind to  the hypotheses. Using Cohen's Kappa coefficient (K) \[[@r34]\],  a high inter-rater agreement coefficient was obtained  (K = .89). Disagreements were discussed until a consensus was reached.

The proportion of self-defining memories was calculated based on the total number of memories (*i.e*., three). For instance, if a participant retrieved one self-defining memory, the proportion was .33. This proportion for our participants is depicted in [Fig. (**1**)](#f1){ref-type="fig"}.

*Note.* The proportion of self-defining memories was calculated based on the total number of memories (*i.e*., three). For instance, if a participant retrieved one self-defining memory, the proportion was .33.

3. RESULTS {#sec3}
==========

Here we report the correlations between self-defining memories, shifting, updating, and inhibition. We applied Pearson\'s product moment correlation after verifying data normality with Shapiro-Wilk tests. Because correlations involved four comparisons, a Bonferroni correction was applied, considering only those correlations reaching a threshold of *p*\< .012 significant; this level was obtained by dividing the alpha level by the number of comparisons (0.05/4). Regression analyses were also performed to identify the variables that best predicted the production of self-defining memories.

As depicted in Table **2**, significant positive correlations were observed between the production of self-defining memories and updating. In other words, high updating ability was correlated with high ability to produce memories rich inself-images, representations, and/or goals. A stepwise regression analysis was also performed in which the dependent variable was self-defining memories and predictors were performance in shifting, updating, and inhibition. The analysis showed that updating was the main and only variable predicting self-defining memories (adjusted *R*^2^ = .38,  *p*\< .001).

3.1. Additional Analysis {#sec3.1}
------------------------

To assess the potential relationship between updating and specificity of memories, we analyzed correlations between updating performance and specificity score. Analysis demonstrated no significant correlation between updating and specificity (*r* = .27, *p*\> .10). Note that the specificity score was assessed with the TEMPau scale (Test épisodique de mémoire du passé \[[@r30]\]) which was derived from classic autobiographical evaluations \[[@r35]\] and adapted in French. For each retrieved event, we attributed zero if there was no memory or only general information about a theme; one point for a repeated or an extended event; two points for an event situated in time and/or space; three points for a specific event lasting less than 24 h and situated in time and space; and four points for a specific event situated in time and space enriched with subjective details such as perceptions, feelings, or thoughts.

4. DISCUSSION {#sec4}
=============

This paper assessed the relationship between updating and the ability to produce self-defining memories in normal aging. As expected, high updating ability was correlated with high ability to produce memories rich inself-images, representations, and/or goals (*i.e*., self-defining memories).

A compromised ability to remember specific autobiographical events has been observed in normal aging \[[@r16]-[@r24]\]. However, older adults seem to overcome this difficulty when describing memories that are highly relevant to the self (*i.e*., self-defining memories) \[[@r14], [@r15]\]. In the present study, nearly one-third of memories mentioned by older adults were self-defining memories, and the production of these memories was positively correlated with updating. Updating our life story with new experiences, roles and/or challenges is an important psychological process, which enables us to refine and enrich our identity throughout life. This dynamic transformation enables a better understanding and narration of our own personal biography, as well as a better attribution of meaning to this biography. Hence, updating our life story is likely to be a crucial process to understand and construct our own personal identities, which may explain the relationship between updating and the ability to construct memories that are highly related to the self and identity (*i.e*., self-defining memories).

Besides highlighting the relationship between updating, a psychological process that enriches one's life story, and the production of self-defining memories, our findings can be considered in the context of the more general relationship between executive function and autobiographical memory. According to Conway's Self Memory System \[[@r36], [@r37]\], the formation of autobiographical memory depends, among other factors, on the working-self, a dynamic executive center that commands the encoding and retrieval of memories in line with current goals and self-images.

In the same vein, a recent model (AMAD, Autobiographical Memory in Alzheimer's Disease) \[[@r38], [@r39]\] attributes autobiographical decline, and the impaired sense of self and identity, in pathological aging to disruption in the working-self and its executive resources. According to this model, one core consequence of autobiographical memory decline in Alzheimer's Disease is decreased access to memories that shape self-consciousness, self-knowledge, and self-images, leading to a diminished sense of identity and self. More specifically, the model attributes, among other factors, autobiographical impairment in Alzheimer's Diseasetoexecutive dysfunction affect organization, elaboration, and memory search strategies.

A relationship between the reduced specificity of autobiographical memory and executive dysfunction has also been demonstrated in depression \[[@r40]-[@r42]\]. As for normal aging, a study has reported that the decline of autobiographical specificity is largely mediated by updating and inhibition \[[@r19]\], supporting the relationship between self-defining memories and updating observed in our study. The study of Piolino, Coste \[[@r19]\] is of interest because it highlights the role of inhibition in decline of autobiographical in normal aging, mirroring the important, but not significant relationship between inhibition and the production of self-defining memories in our study. The involvement of inhibition in decline of autobiographical in aging has been pointed out by a study showing a diminished ability to inhibit no-longer relevant semantic autobiographical memories in normal aging \[[@r43]\]. According to these authors, difficulties in inhibiting irrelevant information hamper memory retrieval by activating irrelevant memories at the expense of relevant ones (for a similar view, see \[[@r44]-[@r46]\]. Interestingly, another study has found that updating, rather than inhibition, is the source of diminished autobiographical specificity in normal aging, supporting the core role of updating in autobiographical functioning in aging \[[@r47]\].

In the above-mentioned literature \[[@r19], [@r47]\], the involvement of updating in the over generality of autobiographical memory is attributed to general executive/frontal deficits during memory retrieval. Our study extends this literature by not only demonstrating the relationship between updating deficits and the underproduction of self-defining memories in aging, but also suggesting a psychological account, according to which a poor ability to update one's life story can be associated with a poor ability to produce memories that draw on the pursuit of long-term goals, meaning making, and/or activation of self-images (*i.e*., self-defining memories).

Our study did not include younger adults because, unlike older adults, this population tends to show little emotional regulation and responsiveness to self-defining memories \[[@r1]\]. According to Singer, Rexhaj \[[@r1]\], the benefit of more time having elapsed since an event occurred is that older adults, unlike younger ones, have more freedom to see the overlapping themes and linkages between memories, leading to greater integration of self-defining memories into their life story. However, future studies may investigate whether difficulties in updating one's life story may result in a poor ability to produce self-defining memories in disorders associated with deficits in these memories, such as depression, Alzheimer's disease, or schizophrenia (for a study on self-defining memories in schizophrenia, see \[[@r48]\]).

CONCLUSION
==========

In conclusion, our study demonstrates, for the first time, how updating ability can be related with the ability to produce memories rich in self-images, representations, and/or goals (*i.e*., self-defining memories) in normal aging.

Declared none.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
==========================================

The present observational protocol was approved by the Local Ethics Committee of the University of Nantes, France.

HUMAN AND ANIMAL RIGHTS
=======================

No animals were used in this study. All the experiments conducted on the humans were in accordance with the ethical standards of the committee responsible for human experimentation (institutional and national), and with the Helsinki Declaration of 1975, as revised in 2013 (<http://ethics.iit.edu/ecodes/node/3931>).

CONSENT FOR PUBLICATION
=======================

All participants gave their informed consent.

AVAILABILITY OF DATA AND MATERIALS
==================================

The data that support the finding of this study are available from the corresponding author Dr. Mohamad El Haj (mohamad. elhaj\@univ-nantes.fr), upon reasonable request.

FUNDING
=======

None.

CONFLICT OF INTEREST
====================

The authors declare no conflict of interest, financial or otherwise.
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###### Performances in the evaluation of episodic memory and executive function (*i.e*., shifting, updating, and inhibition).

  **Episodic Memory**   **Grober and Buschke**   **10.56 (2.96)**
  --------------------- ------------------------ ------------------
  Shifting              Plus-Minus               6.67 (3.89)
  Updating              2-back                   19.56 (5.51)
  Inhibition            Stroop                   38.60 (15.57)

*Note*. Standard deviations are given between brackets; score on the Grober and Buschke task corresponded to the number of correctly remembered words/16; scores on the Stroop and Plus-Minus tasks corresponded to the reaction time; score on the 2-back task corresponded to the number of correct responses/30.

###### Correlation matrix for self-defining memories and executive function (i.e., shifting, updating, and inhibition).

  **-**                        **Self-defining Memories**   **Shifting**       **Updating**       **Inhibition**
  ---------------------------- ---------------------------- ------------------ ------------------ ----------------
  **Self-defining memories**   \-                           \-                 \-                 \-
  **Shifting**                 -.28 (*p*\> .10)             \-                 \-                 \-
  **Updating**                 .52(*p* \< .001)             -.23 (*p*\> .10)   \-                 \-
  **Inhibition**               -.36(*p* = .045)             .53(*p*\< .001)    -.34 (*p*= .059)   \-

*Note*. The correlation coefficients in bold are significant after applying a Bonferroni correction at *p*\< .008.
